Abstract-Propoxur, an anticholinesterase carbamate, was injected singly (10 mg/ kg, s.c.) or chronically (5 mg/kg/day, s.c., for 10 days) into mice. Animals were examined for effects on the cholinergic system in brain tissue and on behavior. Single injection caused an increase in brain acetylcholine (ACh) content at 10 and 60 min; and it caused decreases in acetylcholinesterase (AChE) activity at 10, 60 and 180 min, high-affinity choline uptake into synaptosomes at 10 and 60 min, and [3H]quinuclidinyl benzilate (QNB) binding at 10 min without causing any change in choline acetyltransferase (ChAT) activity. Open-field behavior and rotarod performance were depressed at 10 min and rectal temperature was decreased at 10,
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Chronic treatment caused decreases in high-affinity choline uptake and [3H]QNB binding 24 hr after the final injection without any changes in ACh content, AChE activity or ChAT activity.
In behavioral tests conducted 10 min prior to daily administration, rotarod performance was slightly suppressed only during the period of injection. Although propoxur is considered to have effects similar to those of organophosphorus compounds, the changes observed in the present experiments seemed to be reversible. poxur), carbaryl and o-sec-butylphenyl methylcarbamate (BPMC), unlike water soluble carbamates such as physostigmine and neostigmine, have been widely used as insecticides and veterinary anthelmintics due to the advantageous reversibility of their antiChE characteristics. Since this reversibility may not apply to components of the choliner gic system other than AChE, it is important to know exactly what types of effects these lipid soluble carbamates produce. Studies on the cholinergic effects of propoxur on cholines terase (ChE), muscarinic ACh receptors and behavior have been reported (7). We pre viously found that propoxur at a low dose (2 mg/kg), at which any changes in blood ChE activity and behavior except for spontaneous motor activity was suppressed, increased the ACh level and decreased the AChE activity of the brain in mice (8). In the present experi ment, a higher dose of propoxur was adminis tered to mice either singly (10 mg/kg) or chronically (5 mg/kg) to examine its effects on the brain cholinergic system and behavior. By a single injection, propoxur caused changes in behavior and cholinergic para meters except for choline acetyltransferase (ChAT) activity; and by chronic injection, it also changes HAChT and[ 3H]QNB binding, without altering other cholinergic parameters. It is suggested that lipophilic carbamates are capable of inducing poisoning through cholinergic factors besides AChE inhibition and ACh accumulation.
Materials and Methods
Animals and administration: Female ICR mice (8 to 10 weeks old) weighing 30 to 40 g were used. They were allowed free access to food and water in a room kept at 23±1 °C with a 12-hr light: 12-hr dark cycle.
Propoxur (purity, 99.2%) was kindly sup plied by Nippon Tokushu Noyaku Seizo Co. Propoxur dissolved in water injected s.c. by single (10 mg/5 ml/kg) or chronic (5 mg/5 ml/kg/day for 10 days) injection into mice. Control animals were given physiological saline (5 ml/kg).
Determination of cholinergic parameters: Mice were killed 10 min after a single in jection or 24 hr after the last of a series of chronic injections by the near-freezing method (9) for determination of the ACh con tent or by decapitation for determinations of AChE activity, HAChT, ChAT activity and [3H]QNB binding. The forebrain was isolated on ice in a cold room immediately after sacrifice, and then prepared for the experi ments. The ACh content in the extract from the forebrain which was homogenized in an ice-cold frog Ringer's solution containing 75 /iM eserine using a Biotron (Biotrona, Swiss, setting 10) was assayed on the rectus ab dominis muscle (8). The AChE activity in the tissue homogenate was determined by the method of Ellman et al. Behavioral measurement:
The behavioral test was conducted between 10:00 and 20:00 in a room at 25±1 °C. In the chronic experi ment, the behavior of mice was measured just prior to injection of propoxur daily. The open field consisted of a circular field, 60 cm in diameter, surrounded by a 50-cm-high wall (15). The field was divided into three con centric circular areas and illuminated by a white 100-W bulb, suspended 80 cm directly above the center of the field. One minute after the subject mouse had been placed in the central circular area, the number of areas entered with all four feet was counted for 1 min. Upon completion of the open-field test, the rectal temperature of the mouse was measured, and then rotarod testing was per formed (8, 16).
Statistics: Data are expressed as the mean± S.E. The two-tailed Student's t-test was used for statistical comparison. Values of P<0.05 were considered to be statistically significant.
Results
Mice given a single dose (10 mg/kg) of propoxur displayed mild signs such as tremor and salivation about 5 to 20 min after injec tion. Animals receiving 5 mg/kg of propoxur chronically did not show any observable symptoms except for some milder signs as described above 5 to 15 min after every in jection. Figure 1 shows Fig. 1 D, there was no significant difference in the activity of ChAT extracted from the forebrain between the con trols and the mice killed 10 min after injection of propoxur. were observed at 10, 10 and from 10 to 120 min after single injection of propoxur, respectively ( Fig. 2A) . (Table  2) . These changes recovered almost to normal 7 days after withdrawal. between the controls and mice treated chronically with propoxur either the adminis tration period or after withdrawal of propoxur (Fig. 4A) . As shown in Fig. 4B to 4D , the rotarod performance decreased a little during the 3rd to the 9th day of the treatment period, but not after withdrawal.
There were hardly any changes in rectal temperature and am bulation during the administration period and after withdrawal of propoxur. 
Discussion
A single injection of propoxur caused changes in all cholinergic parameters ex amined except for ChAT activity, which was unaltered. While the decrease in AChE ac tivity lasted for about 3 hr, changes in other parameters were comparatively transient. The increase in ACh level was greater at 10 min than at 60 min after injection of propoxur, suggesting that some degree of recovery had already begun at 60 min. The regression of ACh content almost parallelled that of AChE activity. However, the recovery of the former preceded that of the latter. The increase in ACh level may have been caused by a reduc tion of AChE activity, rather than by an in crease in ACh synthesis, because HAChT de creased and ChAT activity remained unaltered. Only rotarod performance changed slightly without any changes in the other two forms of behavior tested between days 3 and 9 of chronic propoxur injection. Although rotarod performance which includes the mechanism of the central cholinergic system is generally used to test motor coordination (20) , it also requires that animals have some memory and learning ability because they have to be pretrained until they are capable of staying on a rotating rod. Once the animals are trained , they retain the ability to stay on the rod with out further training for 2 or more weeks. HAChT and [3H]QNB binding were reported to correlate to some behaviors such as memo ry and learning (21) (22) (23) (24) (25) (26) (27) .
Chronic treatment with carbamates and organophosphorus com pounds causes behavioral modifications such as changes in memory and learning ability and affects the cholinergic system such as causing changes in HAChT and [3H] QN B binding (28) (29) (30) (31) (32) (33) (34) . We speculate that there is some relationship between the change in HAChT or [3H]QNB binding and rotarod performance in the present experiments.
In conclusion, a single injection of pro poxur caused changes in cholinergic para meters in the brain, except for ChAT, and in the behavior of mice. The time-course of changes in ACh content, HAChT and [3H] QNB binding almost coincided with that of changes in behavior. In the chronic experi ment, only HAChT and [3H]QNB binding were altered along with a slight change in rotarod performance. Although all the effects described above were reversible, they may be significant enough to outweigh the advan tages of using the carbamate, propoxur, since ACh synthesis and ACh receptors may be disturbed even when AChE activity is almost normal.
